ABSTRACT This cross-sectional study at a teaching hospital in north-eastern Nigeria estimated the prevalence of anaemia, leukopenia and thrombocytopenia in treatment-naïve HIV-infected patients (177 males and 316 females), and the associations with virological and immunological markers. The overall prevalences of anaemia, leukopenia and thrombocytopenia were 49.5%, 5.5% and 4.5% respectively. The prevalence of anaemia was significantly higher in males than females (61.6% versus 42.7%), while the rates of leukopenia (5.1% versus 5.7%) and thrombocytopenia (5.7% versus 3.8%) were similar. Almost two-thirds of the HIV treatment-naïve studied patients, 293/493 (59.4%), had cytopenia and would require antiretroviral drugs. AIDS was diagnosed by clinical or immunological criteria in 70% of patients. The degree of cytopenia was directly related to the degree of immunosuppression and clinical AIDS status. No relationship was observed between cytopenia and viral load. 
Introduction
Haematological abnormalities (anaemia, leukopenia and thrombocytopenia) are common manifestations of advanced HIV-1 infection that could potentially limit the use of some components of antiretroviral therapy (ART) regimens [1, 2] . The prevalence of anaemia in patients with HIV infection varies widely by sex and race/ethnicity, with rates ranging from 30% in asymptomatic HIV to as high as 63%-95% in persons with AIDS, depending on the study setting [3] [4] [5] [6] [7] . Anaemia is more common than leukopenia and thrombocytopenia in patients with AIDS [5] [6] [7] [8] . The prevalence of leukopenia also varies widely in patients with HIV; reported prevalence ranges from 10%-50% [7, 8] . Various studies have suggested that the progression of HIV, as measured by deceasing CD4+ cell counts and increasing HIV-RNA levels, is significantly associated with developing neutropenia [6, 8, 9] .
Thrombocytopenia is a possible complication of HIV infection. Its pathogenesis has not yet been established. Possible mechanisms that have been reported are an increased platelet destruction, either caused by the non-specific deposition of circulating immune complexes on platelets or by the presence of specific antiplatelet antibodies, as well as direct infection of megakaryocytes by HIV with a resulting decrease in platelet production [10] .
In all cases, a specific diagnosis of the cause, severity and mechanism of cytopenia should be sought, because a specific intervention other than the use of antiretroviral drugs may be indicated for its correction. The use of antiretroviral drugs could positively or negatively affect these parameters, depending on the choice of combination used. Although many drugs used for the treatment of HIV-related disorders are myelosuppressive, severe cytopenia is most often related to the use of zidovudine [11] . Hence the need to review these parameters in a group of treatment-naïve HIV infected patients at our centre. The present study estimated the prevalence of anaemia, leukopenia and thrombocytopenia at the initiation of ART, and investigated associations between each of pretreatment anaemia, leukopenia and thrombocytopenia and baseline covariates of sex, CD4 counts and HIV-RNA viral load and clinical AIDS status at a teaching hospital in north-eastern Nigeria. The findings could inform policy and practice regarding safe provision of ART to patients who are found to have cytopenia or immunosuppression during recruitment.
Methods

Study area and design
This prospective, observational cohort study was carried out in the department of medicine at University of Maiduguri teaching hospital, Borno State from March 2008 to April 2009. This is a 500-bed hospital designated as a centre of excellence for infectious diseases and provides primary, secondary and tertiary services for the north-eastern part of Nigeria. It also caters for neighbouring countries such as Cameroon, the Niger and Chad.
Permission for the study was obtained from the University of Maiduguri teaching hospital ethics committee. Written informed consent (signed or thumbprint) was obtained from patients.
Sample
The inclusion criteria for patients were: HIV seropositive status confirmed by Western blot test; and provision of informed (written) consent. The exclusion criteria were: age < 18 years; severe renal or hepatic failure; prior history of highly active antiretroviral therapy (HAART) usage; bleeding disorder; or inability to give consent or non-consent. All consenting participants were recruited consecutively into the study.
A total of 493 patients with HIV serological reactivity determined by enzyme immunoassay and confirmed by Western blot analysis were recruited into the study. They included patients with AIDS, diagnosed by immunological or clinical criteria based on the Centers for Disease Control 1993 revised classification for HIV infection [12] . Using a structured, preevaluated questionnaire, information was obtained on patients' demographic characteristics, clinical manifestations, medication used, blood transfusion history and sexual and drug use behaviour. Haematological parameters and viral load are free-of-charge, routine prerequisite and pretreatment evaluations done, among other ancillary investigations, for all registered HIV patients at our centre.
Haemoglobin (Hb) and platelets count were analysed using a haematology analyser (Sysmex® Corporation). Samples for total lymphocytes count and CD4+ T-cell count was collected between 09.00-10.00 hours and assayed within 6 hours of collection of whole blood using a standardized flow cytometric machine (Cyflow®, Cytec). Plasma HIV-RNA levels was measured using freshly frozen specimen separated within 6 hours of phlebotomy utilizing the Amplicor HIV-1 monitor test, version 1.5 (Roche®), with a minimum cut-off value of 200 copies/mL.
Statistical analysis
SPSS, version 15 statistical software was used for analysis. The results are presented as mean and standard deviation (SD). Unpaired t-test was used to compare the means of all continuous variables. Categorical data were analysed using Fisher exact test. A P-value of < 0.05 was considered to be statistically significant. factor in majority of our study cohort as participants denied other risky sexual behaviour that could put them at risk of contracting HIV infection.
The overall prevalence of anaemia, leukopenia and thrombocytopenia among the studied subjects, defined as Hb < 10 g/dL, WBC < 4 ×10 3 /L and platelets < 100 ×10 3 /L, was 49.5%, 5.5% and 4.5% respectively ( Table  2) . Anaemia was present in 109/177 males (61.6%) and 135/316 females (42.7%) (P = 0.001). Nine males (5.1%) and 18 females (5.7%) (P = 0.78) had leukopenia, while 10 males (5.7%) and 12 females (3.8%) (P = 0.33) were thrombocytopenic. Seven (1.4%) patients had both anaemia and leukopenia, 4 (0.8%) had anaemia and thrombocytopenia and none of the participants had leukopenia and thrombocytopenia or pancytopenia.
Association of AIDS status with haematological parameters
Patients' AIDS status was associated with presence of anaemia (P < 0.001) but not with leukopenia and thrombocytopenia ( Table 2 ). The prevalences of anaemia, leukopenia and thrombocytopenia were 54.8%, 6.1% and 5.2% in AIDS patients versus 37.2%, 4.1% and 2.7% respectively in patients without the features of AIDS at evaluation.
The mean Hb level of all patients was 10.0 (SD 2.5) g/dL, mean WBC was 5.9 (SD 3.0) ×10 3 /L and platelet count was 291 (SD 133) ×10 3 /L (Table 3).
The mean CD4 count of the studied sample was 232 (SD 205) cells/µL, ranging from 5 to 1840 cells/µL. The mean CD4 counts for females were significantly higher than for males: 254
Results
Background characteristics
A total of 493 patients were consecutively recruited, consisting of 316 (64.1%) females and 177 (35.9%) males. The overall mean age of the patients was 34.8 (SD 8 Table 1 .
A total of 345 patients (70.0%) were diagnosed with AIDS by either clinical or immunological criteria. The majority were married; heterosexual transmission was the presumed risk Among participants with CD4 count < 200 cells/µL, anaemia was observed in 63.5%; the corresponding prevalences were 36.3%, 33.9% and 19.0% respectively in cohorts within the CD4 count ranges 200-349, 350-499 and ≥ 500 cells/µL (P < 0.001). As presented in Figure 2 , an inverse association was found between risk of anaemia, leukopenia and thrombocytopenia and CD4 count, as the prevalence of cytopenia declined in patients with increased CD4 count (P < 0.001). HIV-1 viral load, however, was not associated with the risk of cytopenia (Figure 3) .
Discussion
This study showed that 49.5% of the sample population had anaemia, which is higher than the 18.9% prevalence reported in Uganda [13] but lower than 80% obtained by Erhabor et al. in Port Harcourt, Nigeria, among untreated HIV patients [14] . This study is in agreement with previous studies by Akinsegun et al. [15] , Zon and Groopman [7] , Spivak et al. [16] and a multicentre AIDS cohort study showing that anaemia was directly related to the degree of immunosupression [16] .
A leukopenia prevalence of 5.5% was reported in this study compared with the 10% reported by Erhabor et al. [14] . It was also confirmed in this study that a high prevalence of leukopenia was associated with profound immunodeficiency, as was reported by Zon and Groopman [7] , Spivak et al. [16] and the multicentre AIDS control cohort study [17] . A thrombocytopenia prevalence of 4.5% was shown in this study, lower than 10% reported by Erhabor et al. [14] and 16.1% by Akinsegun et al. [15] . The degree of thrombocytopenia was also directly related to the degree of immunosupression, in agreement with Jost et al. [10] and the multicentre study [17] . A decrease in serum erythropoietin levels [16] , auto-antibodies to erythropoietin or marrow suppression by opportunistic infections, tumours or various medications [16, [18] [19] [20] may also contribute to the anaemia commonly observed in HIV-infected persons.
This study revealed that over half (55.4%) of newly registered HIV patients will require antiretroviral drugs almost immediately because their CD4 count of < 200 cells/µL at enrolment will qualify them automatically for HAART, irrespective of symptoms, according to World Health Organization (WHO) criteria for initiating antiretroviral therapy.
This study reported a mean CD4 count of 254 cells/µL for females and [23] .
Females were found to have significantly higher absolute CD4 counts in this study. This observation of higher CD4 count in females has also been reported in several other countries among Nigerians [24] , Ugandans [25] and Ethiopians [26] . A sex hormone effect is one possible explanation for the reported difference in CD4 counts between the sexes [26] . Patients with features of AIDS (WHO clinical stage IV) or severe immunosuppression (CD4 count < 200 cells/µL) had lower haemoglobin, leucocyte and platelet levels. However, unlike other reports [27] [28] [29] , no relationship was observed between plasma HIV-RNA levels and cytopenia in this study. The hypothesis that HIV-1 infection of marrow stromal cells results in anaemia and other cytopenias was not supported by our study.
Conclusion
Almost two-thirds of HIV treatmentnaïve patients at our centre had cytopenia and would require antiretroviral drugs, and the degree of cytopenia was directly related to the degree of immunosupression. In this study, unlike some reports, no relationship was observed between cytopenia and viral load. In view of this high prevalence of cytopenia, it is necessary to investigate its causes in these patients, and administer specific interventions.
